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ABSTRACT

The accuracy of pedigree-derived genetic-distance estimates de-
pends on the availability of breeding records and on the validity of
a number of assumptions. Pedigree analysis for cotton (Gossypium
hirsutum L.) indicates a wide genetic base, which conflicts with other
types of distance estimates indicating a narrow genetic base. The
objectives of this study were to determine genetic similarity indices
from agronomic and morphological traits for ancestral cotton cultivars
and to determine their impact on the coefficient of parentage (CP)
of recent cultivars. Twelve ancestral and two recent cultivars were
grown at three locations (Clayton, NC; Florence, SC; and Stoneville,
MS) during 1995 and evaluated for agronomic and fiber properties.
Multivariate analysis of agronomic and fiber properties was used to
create genetic similarity indices (s). There was little agreement be-
tween CP and s. Several ancestral cultivars developed from the
earliest (pre-1800) introductions into the USA were very similar to
the most recent (post-1900) introductions from Mexico. This suggested
that all the original Mexican introductions were genetically very simi-
lar. Changing the assumptions in pedigree analysis to assume the
original introductions were related by the average s among the ances-
tral cultivars (s = 0.38) decreased the level of diversity in frequently
grown modern cultivars from CP = 0.16 to CP = 0.46 but had little
effect on the relative ranking of cultivars. This occurred because effects
of possible erroneous pedigree assumptions in distant generations
became diluted. The high degree of similarity among ancestral culti-
vars suggests that pedigree-derived genetic distance estimates have
overestimated the genetic diversity among today’s cultivars but not
relative relationships.

MAINTAINING GENETIC DIVERSITY among crop geno-
types offers a measure of protection against po-
tential widespread losses from crop pests and facilitates
the creation of segregating populations from which
plants with superior gene combinations can be selected.
Accurate estimates of genetic distance may assist in
crop improvement strategies. Genetic distances can be
estimated from pedigree analysis or from multivariate
analysis carried out on a large number of plant attributes
(DNA polymorphisms, isozymes, morphological fea-
tures, or agronomic performance). An advantage of
pedigree-derived genetic distance estimates is their low
cost, compared with the other estimates that require
more time and resources to obtain. A disadvantage to
the pedigree-derived genetic distance estimates is that
their accuracy depends on the availability of accurate
breeding records and on the validity of a number of as-
sumptions.
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Despite widespread availability of pedigree-derived
genetic distance estimates in cotton for the purposes of
selecting parents (Calhoun et al., 1997; Bowman et al.,
1997) and in monitoring genetic vulnerability (Van Es-
broeck et al., 1998), the validity of the estimates have
not been verified. Coefficient of parentage estimates
indicate a greater level of genetic diversity in cotton
than for most crops. Bowman et al. (1996) reported an
average CP of 0.07 for cotton cultivars released between
1970 and 1990. In comparison, typical CP values among
recently released cultivars were 0.21 for peanut (Arachis
hypogaea L.) (Knauft and Gorbet, 1989), 0.16 to 0.24
for wheat (Triticum aestivum L.) (Cox et al., 1985b;
Murphy et al., 1986), 0.13 for soybean [Glycine max (L.)
Merr.] (Gizlice et al., 1993) and 0.08 for oat (Avena
sativa L.) (Souza and Sorrells, 1989).

Use of CP to compare the relative levels of genetic
diversity among crops may not be valid, as the accuracy
of the CP estimates may vary widely among crops. There
are indications that the level of diversity in cotton, as
determined by pedigree-derived genetic distances, may
be overestimated. Over 30% of the cotton cultivars re-
leased between 1970 and 1990 were reselections (Bow-
man et al., 1996). Although cotton is normally an autog-
amous crop, cross-pollination rates as high as 50% have
been reported when bees (Bombus spp.) were present
(Loden and Richmond, 1951). Pedigree analysis nor-
mally treats a reselection as a compromise between an
outcross to an unknown and a self pollination (Murphy
et al., 1986; Bowman et al., 1997). The frequent reselec-
tions in cotton have the effect of continually incorporat-
ing unrelated germplasm into the CP estimates and,
hence, probably exaggerate the diversity among culti-
vars. Moreover, in calculating CP for cotton, Bowman
et al. (1997) assumed that all ancestors were equally
unrelated. If, however, the original introductions were
closely related to each other, genetic distances would
be overestimated (MacCluer et al., 1983). Recent studies
with isozymes and DNA markers showing that ancestors
of modern upland cotton cultivars probably originated
from a small area in Guatemala (Wendel et al., 1992;
Brubaker and Wendel, 1994) suggest that ancestral cot-
ton introductions and unknowns were closely related.
Lack of DNA polymorphisms within cotton also sug-
gests a lower level of diversity than obtained by pedigree
analysis (Wendel et al., 1992; Brubaker and Wendel,
1994),

Upland cotton cultivars grown in the USA were de-
rived from introductions that occurred during three pe-
riods: pre-1800s, early to mid-1800s, and early 1900s
{(Ware 1936, 1950). Prior to the 1800s, the cotton grown

Abbreviations: CP, coefficient of parentage: HVI, high volume instru-
ment; s, genetic similarity index.
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in the USA consisted of Asiatic cottons (Levant [G.
herbaceum L.} and tree [G. arboreum L.}), green and
black seeded G. hirsutum types from eastern Mexico,
and sea island (G. barbadense L.) stocks from the Carib-
bean. These cottons were generally low yielding but
some (G. barbadense ) had excellent fiber properties. In
the early to mid-1800s, a number of Mexican highland
stocks were brought into the USA. These naturally hy-
bridized or were artificially crossed to the then widely
grown green seed, black seed, and sea island stocks
(Moore, 1956). Breeders sought to combine the high
yields of the Mexican types with superior fiber qualities
of the older varieties. The introductions and hybridiza-
tions resulted in substantial variability among the types
of cotton grown in the late 1800s (Moore, 1956).
When the boll weevil (Anthonomus grandis Boh.)
became a threat to cotton production in the early 1900s,
selection was undertaken for disease resistance and ag-
ronomic superiority within the often heterogeneous cul-
tivars of the day (Ware, 1936, 1950). Extreme selection
pressure for earliness led to an almost total loss of the
late-maturing, long-staple, upland cottons. The cultivars
Wannamaker Cleveland, Hartsville, Deltatype Webber,
Express, Lone Star, and Dixie Triumph, which are in-
cluded in the pedigree of most modern cultivars, were
developed during this period. These ancestral cultivars
are all presumed to contain genetic material from pre-
1800 cultivars as well as from the Mexican introductions
of the early to mid 1800s. The boll weevil epidemic also
led to a number of germplasm collection trips and new
introductions. The cultivars Kekchi, Young’s Acala, and
Hopi Moencopi, which occur frequently in pedigrees of
modern cultivars, were introduced from Mexico in the
early 1900s as sources of potential boll weevil resistance.
The genetic relationships among ancestors of soybean
and maize (Zea mays L.) have been estimated through
multivariate analysis of a large number of traits (Gizlice
et al., 1993; Goodman and Bird, 1977). Traits previously
used for multivariate analysis in cotton include morpho-
logical features (Tatineni et al., 1996), agronomic perfor-
mance (Brown, 1991), isozymes (Wendel et al., 1992),
and DNA polymorphisms (Brubaker and Wendel, 1994;
Tatineni et al., 1996). DNA polymorphisms are consid-
ered the most suitable markers for genetic distance esti-
mates because of their potentially large numbers and
because they are not subject to environmental variation
(Gepts, 1993). Use of DNA markers in cotton, however,
is limited by the scarcity of polymorphic markers (Bru-
baker and Wendel, 1994; Tatineni et al., 1996). Morpho-
logical features that are least subject to environmental
variation are most suitable for multivariate analysis.
Goodman and Bird (1977) suggested using only those
traits for which the ratio of cuitivar variance to location
and cultivar X location variance was >3.0. Where envi-
ronmental influences are large, material may be grown
in several environments and the response to environ-
ment used as a criteria to estimate genetic distance
(Goodman and Paterniani, 1969).
Weak correlations among various estimates of genetic
distance highlight the potential weakness of reliance on
any single estimate. For soybean, genetic distance based

on pedigree analysis and multivariate analysis based on
morphological features gave relatively similar results
(Cox et al., 1985a; Gizlice et al., 1993); however, Cox
et al. (1985a) reported higher correlations among esti-
mates for recent cultivars (r = 0.60) than for older culti-
vars (r = 0.24). In wheat, correlations between pedigree-
derived genetic distance and RFLP-derived estimates
have varied from r = 0.21 to r = 0.78 (Cox et al., 1985b;
Kim et al., 1997). The first objective of this study was
to develop genetic similarity indices for ancestral cotton
cultivars, on the basis of agronomic and morphological
features. A second objective was to determine the im-
pact of these similarity indices on CP estimates among
modern cultivars.

MATERIALS AND METHODS

Twelve ancestral cotton cultivars and two more recent culti-
vars closely related to the ancestral lines (Lankart 57 . Tamcot
SP21) were grown at Clayton, NC (Norfolk sandy loam; fine-
loamy, siliceous, thermic Typic Paleudult), Florence, SC (Nor-
folk loamy sand; fine-loamy, siliceous, thermic Typic Kandiu-
dult), and Stoneville, MS (Dundee silty clay; fine-silty, mixed
thermic Aeric Ochraqualf) during 1995 (Table 2). Cultivars
were grown in a randomized, complete-block design of four
replicates with each plot consisting of two, 12-m-long rows
with a 1-m row spacing. Normal agronomic practices were
followed for each location. Cultivars were evaluated for a
range of agronomic traits. Final plant height and nodes to first
fruiting limb were determined on five plants per replicate.
Fiber quality traits (elongation, strength, micronaire, length,
uniformity) and lint percentage for North Carolina and Missis-
sippi were determined for each replicate from the lint of 25
hand-harvested bolls. In South Carolina, fiber quality traits
were obtained by combining the lint (25 bolls) from each of
two replicates. Fiber samples were evaluated using high vol-
ume instrument (HV1) analysis in Mississippi and North Caro-
lina and by individual instruments (fibrograph, stelometer,
and micronaire) in South Carolina. Fibrograph 2.5% span
length was considered equal to HVI upper half mean length.
Stelometer strength was multiplied by 1.3 to estimate HVI
strength for the South Carolina data. Plots were machine har-
vested and lint yield determined as seedcotton X percentage
of lint, which was obtained from hand-harvested samples.

Highly correlated traits (r > 0.80) were excluded from fur-
ther analysis. For each remaining trait, an analysis of variance
was carried out over locations, with cultivar effects considered
fixed and locations random. For each trait, the ratio of cultivar
variance to location and cultivar X location variance was calcu-
lated (Goodman and Bird, 1977). After standardizing traits
to unit variance, principal component analysis was performed
using the PROC PRINCOMP procedure (SAS Institute, 1991)
and eigenvalues and principal component coordinates deter-
mined for each cultivar. Using only those principal compo-
nents with eigenvalues >1 (Goodman and Bird, 1977), pair-
wise genetic distances (D) between all cultivars were
calculated as:

Dy = [X(xa — xjk)2/)\k]0'5
where Dj is the genetic distance between the ith and jth culti-
var, x and x; are the kth principal component scores for the
ith and jth cultivar, and \, is the kth eigenvalue and A, > 1.0.

Genetic distances were converted to relative genetic similar-
ities as:

Sij =1 - (Dij/Dmax)
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Table 1. Mean squares for nine traits of 12 ancestral and two recent cotton cultivars.

Trait

Plant First Lint Lint Bollt Fiber Fiber
Effect df height fruiting node yield percentage weight Micronaire strength Elongation length
Location (L) 2 7057 12,60+ 25195 1 343.40+* 13.63** 14.67** 263.2%* 33,90+ 95.3**
Replicates/L 6-9 2 339%+ 0,72+ 72 139%* 3.89* 0.56 0.28** 5.9%% 0.73* 2.2%
Cultivar (C) 13 1611%* 2.17* 143 047 243.75%* 4.92%* 2.67+* 55,44+ 6.89%* 38.8%*
LxC 26 215%%* 0.85%* 82 905+ 11.88%x* 0.80%* 0.15% 4.0%* 1.94%* 1.5
Error 90-116 100 0.35 11679 1.65 0.31 0.08 1.6 0.36 1.0

*, ** Significant at the 0.05 and 0.01 probability levels, respectively.

+ Data are for two locations; df are 1, 6, 13, 13, and 76 for L, Replicates/L, C, L X C, and error, respectively.

where §; is the similarity between two cultivars and D, is
the genetic distance for the two most dissimilar cultivars.

The CP was calculated among the 14 cultivars using the
pedigree information of Calhoun et al. (1997) and a modified
FORTRAN program developed by D.M. Rodgers at Kansas
State University. In calculating CP, it was assumed that ances-
tors and cultivars with unknown pedigrees were unrelated
(CP = 0), cultivars obtained half their genes from each parent,
all parents were homozygous and homogeneous, and the CP
between a cultivar and a reselection was 0.75 [a compromise
between an out cross (CP = 0.5) to an unknown and a self
pollination (CP = 1)] (Murphy et al., 1986; Bowman et al.,
1997). To determine the consequences of erroneously assum-
ing that the original ancestors were unrelated, CP was recalcul-
ated for the 25 most frequently grown cultivars in 1995. In
recalculating CP, the value CP = 0 (used for the relationship
among ancestors) was replaced with the average s value ob-
tained from multivariate analysis on the agronomic and fi-
ber data.

RESULTS AND DISCUSSION

Within a location, seedcotton yield (lint + seed) and
seed yield were highly correlated with lint yield (r >
0.85) and thus only lint yield was included in further
analysis. Almost all traits in the ancestral cultivars were
highly influenced by environment. The ratio of cultivar
variance to location and cultivar X location variance
was <1.5 for all traits. Furthermore, most traits were
affected by a location X cultivar interaction (P < 0.05)
(Table 1).

Lint yield, which ranged from 133 to 766 kg ha™!, was
the most variable of the traits measured. The significant
(P < 0.05) cultivar X location interaction (Table 1) and
the very low yields of some cultivars at some locations
(Table 2) indicated that a great deal of selection for
regional adaptability had occurred prior to the 1900s.
Other studies (Brown, 1991) have also noted that culti-
vars tend to be superior in their region of development
and differences among cultivars are most evident when
they are grown outside their area of adaptation. Abou-
El-Fittouh et al. (1969) attributed this regional variation
in ranking among cultivars to a differential response to
temperature. Deltapine 11A, which' was developed from
germplasm developed in Texas, Mississippi, and South
Carolina, appeared to be the first widely adapted
cultivar.

Variation among cultivars for lint percentage was
more than 50% of the mean, whereas fiber length and
strength varied by nearly 30% of the mean (Table 2).
Although many fiber traits (lint percentage, micronaire,
fiber strength, fiber strength, and elongation) were af-

fected by environment, i.e., location, the small cultivar X
location interaction relative to the cultivar effects indi-
cated that, for the most part, the cultivars ranked consis-
tently across locations. Relatively similar lint quality
between cultivars developed from the pre- and post-
1900 introductions reflects the fact that selection in the
early 1900s emphasized the Mexican upland phenotype,
characterized by earliness as a means to escape the
boll weevil.

Multivariate analysis was carried out for each loca-
tion-trait-cultivar value with the exception of mi-
cronaire, fiber strength, and fiber length. For these traits
cultivar values were highly correlated across locations
(r > 0.8) and thus the overall cultivar means were used
in the multivariate analysis. Six principal components
accounted for 87% of the variation among cultivars.
The first two principal components accounted for 29
and 23 % of the variation respectively. On average, fiber
length and strength received highest weights on the first
principal component, whereas plant height received
highest weight on the second principal component. Simi-
larity estimates (s) ranged from 0 to 0.76 (Table 3)
and suggested that several cultivars that were distantly
related based on pedigree information were in fact ge-
netically very similar. Two of the post-1900 introduc-
tions from Mexico (Hopi Moencopi and Young’s
Acala), which in pedigree analysis were considered un-
related to all other cultivars, showed a high degree of
genetic similarity to cultivars derived from the early and
mid-1800 Mexican introductions. For example, Hopi
Moencopi and Deltatype Webber were the two most
similar cultivars (s = 0.76). Deltatype Webber was de-
rived from pre-1800 introductions, while Hopi Moen-
copi was an introduction from Mexico in 1937. Both
Kekchi and Hopi Moencopi (post-1900 introductions
from Mexico) had yields and fiber properties very simi-
lar to cultivars that had undergone over 100 yr of breed-
ing and selection in the USA. The general lack of diver-
sity among the ancestors was illustrated by the fact that
at Clayton, NC all cultivars initiated flowering over a
9-d period (data not shown).

There are several possible explanations for the preser-
vation of the Mexican phenotype in the ancestors de-
rived from the pre-1800 cultivars despite the occurrence
of natural and controlled matings to other Gossypium
species. Stephens (1949, 1950) reported that progeny
from interspecific crosses were easily obtained but in
subsequent generations progeny segregated to one of
the parental types. In crosses between pre-1800 cultivars
and Mexican introductions, breeders favored the Mexi-
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Table 2. Agronomic and fiber traits of 14 cotton cultivars grown in North Carolina (NC), South Carolina (SC), and Mississippi (MS)
during 1995,

Plant height (cm) Lint yield (kg ha™!) Lint percent First fruiting node Micronaire
Cultivar B NC SC MS NC SC MS NC SC MS NC SC Ms NC SC MS
Deltatype Webber 111 72 90 446 336 390 368 318 221 5.8 5.1 5.2 4.5 35 32
Dixie Triumph 116 85 920 476 318 523 371 357 295 5.8 5.2 7.3 4.9 4.5 3.9
Deltapine 11A 113 105 108 644 601 620 455 428 348 5.7 5.0 7.1 5.3 4.6 4.3
Express 432 126 107 117 548 344 479 389 365 286 -6.0 54 59 51 4.5 3.9
Half & Half 112 91 85 361 290 444 450 439 317 5.2 4.7 5.6 58 4.7 43
Hartsville 128 95 109 385 443 589 390 399 304 6.2 5.6 5.6 5.0 4.7 4.6
Hopi Moencopi 108 78 119 368 397 252 349 350 238 5.6 5.2 6.0 4.5 4.0 3.7
Kekchi 117 95 103 158 676 769 4.3 476 362 5.7 48 6.2 5.5 4.7 4.2
Lankart 57 107 93 90 438 566 461 40.2 423 303 5.7 54 6.2 4.7 4.7 3.4
Lone Star 136 113 134 450 589 125 398 412 293 7.3 5.8 7.0 4.6 3.9 34
Rowden 121 105 118 133 213 163 232 239 201 6.3 51 5.2 6.4 59 5.7
Tamcot SP 21 98 78 85 539 438 766 404 444 342 5.6 48 53 4.5 4.1 4.0
Wannamaker Cleveland 122 96 119 418 444 348 365 356 267 6.3 5.5 7.2 5.6 4.7 4.4
Youngs Acala 124 112 124 339 577 275 373 397 217 6.8 6.0 59 5.0 4.4 3.8
Range 38 41 49 511 463 644 223 237 176 21 1.3 21 1.9 2.4 25
Mean 117 95 107 407 445 443 383 386 295 6.0 5.2 6.1 51 4.5 4.0
LSD (0.05)+ 13 18 11 65 244 88 2.4 2.2 1.2 11 0.6 0.8 0.5 0.5 0.4
Uniformity: Strength (kN m kg™) Elongation (%) Boil weight (g) Fiber length (mm)
Cultivar NC SC MS NC SC MS NC SC MS NC SC MS NC SC MS
Deltatype Webber 81.7 46.6 83.4 25.5 26.4 30.0 6.4 9.8 6.4 5.2 4.3 274 297 311
Dixie Triumph 79.4 52.0 82.6 20.7 211 23.9 6.8 9.0 7.4 51 4.5 234 226 257
Deltapine 11A 81.7 47.4 83.6 23.6 222 24.9 7.5 9.8 7.3 51 4.7 257 263 283
Express 432 81.2 45.4 81.7 23.7 20.9 26.3 6.9 7.3 6.2 4.4 4.0 250 264 276
Half & Half 77.6 54.3 80.2 175 18.7 22.0 7.5 8.3 7.1 5.8 45 201 208 225
Hartsville 82.0 52.0 82.9 23.8 24.5 25.9 6.9 7.3 7.3 52 - 5.9 247 249 267
Hopi Moencopi 824 46.1 83.1 25.1 251 27.5 6.5 7.1 6.9 5.8 4.7 278 292 290
Kekchi 81.0 47.9 82.3 22.1 21.8 25.7 7.2 9.1 6.8 4.7 41 245 257 283
Lankart 57 81.2 48.5 83.4 22.3 21.2 25.7 7.6 9.5 7.0 7.9 6.9 260 259 291
Lone Star 82.1 49.3 83.5 23.3 20.3 25.3 79 9.9 7.6 6.5 4.7 262 27171 290
Rowden 82.8 51.7 83.0 20.5 17.4 23.5 8.3 8.1 9.5 3.8 4.1 243 247 246
Tamcot SP 21 80.6 46.9 83.3 23.7 20.9 26.5 5.6 8.1 6.2 5.2 4.0 264 269 290
Wannamaker Cleveland 81.7 50.1 84.2 23.1 22.0 28.0 73 7.5 7.1 4.8 4.3 248 272 290
Youngs Acala 82.2 50.9 83.8 25.9 23.6 30.1 55 6.4 5.8 5.9 5.0 250 276 280
Range 5.2 8.9 4.0 8.4 9.0 8.1 2.8 3.5 3.7 41 2.9 7.7 8.9 8.6
Mean 81.2 49.2 82.9 22.5 21.8 26.1 6.9 8.4 7.0 5.4 4.7 251 261 2717
LSD (0.05)+ 1.5 1.7 1.3 1.8 1.5 21 0.9 1.1 0.5 0.5 1.0 13 1.2 1.7

T When there were missing plots LSD was calculated using the average number of plots per cultivar.
¥ Recorded as uniformity index for NC and MS and uniformity ratio in SC.

Table 3. Coefficient of parentage (upper values) and relative genetic similarity estimated from agronomic traits (lower, italic values)
among 14 cotton cultivars,

1 2 3 4 5 6 7 8 9 10 11 12 13 14
Deltatype
Webber -
Dixie Triumph 0.04 -
0.54
Deltapine 11A 0.04 0.28 -
0.33 0.38
Express 432 0.00 0.14 0.27 -
0.39 0.57 0.40
Half and Half 0.07 0.10 0.07 0.00 -
0.33 0.60 0.24 0.43
Hartsville 0.14 0.07 0.05 0.00 0.17 -
0.30 0.29 0.30 0.32 0.46
Hopi Moencopi 0.00 0.00 0.00 0.00 0.00 0.00 -
0.76 0.50 0.36 0.43 0.41 0.53
Kekehi 0.00 0.00 0.00 0.60 0.00 0.00 0.60 -
0.04 0.02 0.46 0.16 0.09 0.39 0.20
Lankart 57 0.00 0.10 0.10 0.18 0.00 0.00 0.00 0.00 -
0.29 0.21 0.23 0.00 0.27 0.45 0.40 0.14
Lone Star 0.00 0.14 0.17 0.32 0.00 0.00 0.00 0.00 0.18 -
041 0.62 0.48 0.45 0.36 0.27 0.41 0.06 0.25
Rowden 0.00 0.19 0.23 0.42 0.00 0.00 0.00 0.00 0.24 0.42 -
0.38 0.25 0.31 0.21 0.24 0.41 0.50 0.27 0.27 0.23
Tamcot SP21 0.02 0.03 0.02 0.02 0.13 0.04 0.00 0.19 0.01 0.05 0.02 -
0.54 0.44 0.51 0.53 043 0.53 0.65 0.42 0.29 0.32 0.38
W. Cleveland 0.07 0.15 0.08 0.00 0.20 0.20 0.00 0.00 0.00 0.00 0.04 0.00 -
0.55 0.61 0.59 0.67 0.47 0.51 0.64 0.32 0.28 0.62 0.64 0.47
Youngs Acala 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 -

0.20 0.24 016 0.37 0.38 0.69 0.42 0.22 0.21 0.22 0.43 0.43 0.19
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can phenotypes, which were noted for their disease resis-
tance, ease of harvest, and early maturity (Niles and
Feaster, 1984). The almost complete elimination of the
non-hirsutum phenotype in early 1900 cultivars is sup-
ported by DNA data. DNA analysis could not detect
G. barbadense alleles in numerous modern cultivars de-
spite frequent reports of natural outcrosses to G. barba-
dense in the early cultivars (Wendel et al., 1992). The
Mexican introductions evaluated in this study had been
subjected to some degree of selection when first intro-
duced in order to conform to the USA growing season
and the cotton industry standards. This may have con-
tributed to the generally similar phenotypes in the two
groups. However, the fact that fiber traits are relatively
stable and only slowly changed by breeding supports
the view that there was limited variability among the
various introductions from Mexico.

There are several possible explanations for the lack of
agreement between the two genetic distance estimates.
Breeders may have been simultaneously selecting for
a similar phenotype in unrelated cultivars, such that
cultivars became agronomically similar despite main-
taining their genetic distance. Selection for similarly act-
ing genes may have occurred but from different sources
(pedigree analysis measures gene identity by descent
not identity in state). Outcrossing to other cultivars of
the day could have resulted in a higher level of heteroge-
neity and mixing of the ancestral germplasm than is
accounted for in the pedigree calculations.

Pedigree analysis assumes that a cultivar obtains an
equal number of genes from each of its parents. The
morphological data, however, suggests that breeders se-
lectively favored specific traits and hence, genes. This
is supported by RFLP data in corn, which showed that
following a cross between two inbreds, F, derived lines
may inherit a disproportionate share of alleles from one
parent (Bernardo et al., 1996).

The high degree of similarity among the ancestral
cultivars in this study suggests that pedigree analysis
may be overestimating the level of diversity among cot-
ton cultivars. For example, Van Esbroeck et al. (1998),
assuming that ancestors were unrelated, determined
that CP for 24 cultivars, each occupying >1% of the
hectarage in the USA in 1995, was 0.16. It is probably
impossible to determine the precise genetic distance
among ancestors; however, CP was undoubtedly greater
than zero. Our estimate for the average s value among
the ancestors (all cultivars in the study except Lankart
57 and Tamcot SP 21) was 0.38. This value may be an
overestimation, i.e., an artifact of the statistical method-
ology employed. We. however, recalculated CP for mod-
ern cultivars assuming ancestors were related by a CP
of 0.38 to determine the impact of underestimating the
genetic relationship among ancestors on estimates of
genetic diversity in modern cultivars. The result was an
average CP of 0.46 for the 24 cultivars in the Van Es-
broeck et al., (1998) study. Despite the discrepancy be-
tween the original and revised CP estimates, the two
were highly correlated (r = 0.99). This occurred because
ancestors usually entered the pedigree only once and
there were few subsequent crosses to the ancestral lines.

Moreover, since the number of parents included in a
pedigree increases with each generation, errors in any
single parent dating back more than five generations
had little impact on the relative CP among pairs of
cultivars, Thus, erroneously assuming all ancestors were
unrelated may have overestimated the overall diversity
among cultivars but had little impact on the relative
genetic distances among cultivars.

The agronomic and fiber data from this study supports
isozyme and DNA data showing a narrow genetic base
in cotton. Despite originating from several sources over
a number of years, the ancestors of today’s cultivars
were remarkably similar for yield and fiber qualities.
Pedigree analysis, based on the assumption of unrelated
ancestors, probably overestimated the genetic diversity
among cultivars but appeared accurate in estimating the
relative genetic relationships among cultivars. If rela-
tionships among ancestors are unknown, CP may not
accurately estimate the true level of genetic diversity
within a crop species.
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